Summary.
The Most of the reports on goblet cell ultrastructure are from the intestine of the rat and mouse (PALAY, 1958; FLOREY, 1960; SHEARMAN and MUIR, 1960; HAMPTON, 1960; HOLLMANN and HAGUENAU, 1961; HOLLMANN and STAUBLI, 1962; BIERRING, 1962; FLOREY, 1962; FREEMAN, 1962; HOLLMANN 1963; RHODIN, 1963; FREEMAN, 1966; BERLIN, 1967; BUDD,1968; TONER, 1968; SANDBORN, 1970) . Studies made on materials from the human (BIERRING 1962 , TRIER, 1963 FREEMAN, 1966; TONER, 1968) , guinea pig (FREEMAN, 1966 , TAKEUCHI, 1967 , swine (BERLIN, 1967) , monkey (TAKEUCHI, 1967 ), bat (PORTER and BONNEVILLE, 1968 ), eel (FAWCETT, 1966 and fowl (MAKITA and NISHIDA, 1966; MAKITA and KIWAKI, 1968; KIWAKI, 1970) have been less systematic. Only two reports have dealt with the goblet cell of the dog under experimental conditions (FRASCA et al., 1968) . Reserches on the goblet cell of the rat intestine mentioned above has been directed mainly to the intracellular mucus droplet formation (LANE et al., 1964, NEUTRA and LEBIOND, 1966; BEAMS and KESSEL, 1968 This is mainly due to the greater concentration of ribosomes, both attached and free in type, in the cytoplasm of the goblet cell. The cisternae of the endoplasmic reticulum appear as lighter, irregular channels. The mitochondria in the apex of the goblet cell are larger and paler than those of the absorptive cells. The microvilli of the goblet cell are more slender and stain more darkly than do those of the absorptive cells (Fig. 2 ). An extensive Golgi complex is seen adjacent to the nucleus.
Mucus droplets in the cell vary in electron density The Golgi complex is large with a pale content in the sacs. Some very large vesicles can be seen on various aspects of the Golgi complex. The basal cytoplasm contains many ribosomes and a long tube of rough surfaced endoplasmic reticulum which is in continuity with the outer nuclear membrane (Fig. 3) . In the development of the globules within the Golgi complex, which, in this case (Fig. 4) , appear to be of the lighter variety, a distinct membrane of the Golgi sac surrounds the pale material with a fibrillar content. At a later stage within the goblet the evidence of a membrane on some of the globules is lacking. The fibrillar network
within the globules appears to become more compact.
The fibrillar network appears to contain membranous structures (Fig. 5) . Fig. 2 . Compared with the adjacent absorptive cell (Ab), the goblet cell has more slender and darker microvilli, much darker cytoplasm due to a considerable number of ribosomes on a dense background, and larger Dense bodies. which are small collections of cytoplasm, are also seen
The fusion of the lighter mucus droplets and an increase in the diffuse content becomes quite considerable in the apical part of the goblet cell wall before it opens into the lumen.
The remaining droplets, mostly of the darker type and located in the basal portion of the goblet, retain their limiting membrane (Fig. 6 ).
On rupture of the free surface, some of the mucus escapes through a substantial opening into the lumen. Only a very thin cuff of distinct, heavily stained cytoplasm remains.
The microvilli are still seen only at the border of the free surface of the cell. The secretion consists mainly of a backgrouhd material with a fibrillar appearance distributed in the direction of its flow. The mucus flow from the cell is different in appearance and remains distinct from the fibrillar coat which covers the tips of the microvilli on the luminal surface of the cell. The mass of mucus, now in both the lumen and the goblet, contains some dense materials (Fig. 7) . Within the mircons mass of the goblet cell which is in continuity with the lumen, dense globules may occur which still retain their membrane attached to some fragments of cytoplasm.
The cytoplasm remains as a thin shell about the goblet (Fig. 8 ).
In cells which have been largely emptied of their secretory content, a few globules of mucus often remain attached to the thin periphery of the theca. The content of the crescentic nucleus appears quite unchanged during the process. In the Fig. 7 . By the time the free surface of the cell opens into the intestinal lumen the globules in the most apical portion of the goblet have lost their individuality and have changed into a mass of mucus. The mucus which flows into the lumen is distinctly different in appearance from the glycocalyx on the surface of the microvilli.
Some denser residual cytoplasm is extruded with the mucus. Thus when the discharge of the mucus seems to be nearing completion the content of the endoplasmic reticulum suggests continued activity as does the Golgi complex (Fig. 9, 10 ).
Discussion
The characteristics of the goblet cells in the dog ileum are, in general, similar to those in other mammals. The shape of the goblet cells as reported by light microscopists (MOE, 1968) varies in accordance with subdivision of the intestine and also with the portion of the villi in which it is found. Thus it reflects the regional difference rather than specific difference in the cell. The height of the epithelium, the number of mucus globules and the activity of the goblet cell appear to be the dominant factors influencing its shape.
The fine structure of the mucus globules in the dog have some different characteristics from those of other animals.
Those of the dog ileum show less contrast Fig. 8 . The mass of mucus discharged from the goblet cell contains a few membrane bound, irregularly shaped bits of the cytoplasm (arrows) attached to darker globules of mucus which also retain a surrounding membrane. Small vesicular profiles and a number of homogeneous densities are seen in the mucus. The between dark and light types. Furthermore, the cells lack the dense vacuolated globules which were found in the human jejunum (FREEMAN, 1962) or the cored globules which were found in the avian oviduct (MAKITA and NISHIDA, 1966; NAKITA and KIWAKI, 1968) . It has deen reported that the mucus globules in the rat jejunum and guinea pig duodennm are homogeneous, dense, small and round while those in mouse colon (HAMPTON, 1960) and in the monkey (TAKEUCHI, 1967) Fg. 9. When the goblet has been emptied to the point where only a few globules of mucus are attached to the base, one can distinguish long cisternae of the rough surfaced endoplasmic reticulum (ER) in the whole length of the residual cytoplasm. The cytoplasm at this stage becomes much less densely stained. The mitochondria now are small and have a very dense matrix. The nucleus which is flattened along the base of the goblet appeares quite normal. Globules with varying amounts of surrounding membrane are still attached to may occur during the "migration" from the depth of the crypts to the tips of the villi (BIZZORERO, 1892; MESSIER and LEBLOND, 1960; MERZEL and LEBLOND, 1969) . The goblet cells in this study were from the villi and therefore were approaching the end of their migration. Secretory cycles have been postulated for the goblet cell. Generally these are divided into three phases: (a) It has also been suggested that the secretory cycle of the individual goblet cell repeats itself (FREEMAN, 1962 (FREEMAN, , 1966 (FLOREY, 1962 ) and the commonly described process was one in which intact globules were discharged in to the lumen. In most of the cases described, the globules not only retained their limiting membrane but were still surrounded by the plasma membrane of the cell and might not have reached the maturity required for discharge. Experimental stimulation to force the cell to evacuate the mucus seems to create the situaition in which an intact globule is dscharged into the lumen (FLOREY, 1960 (FLOREY, , 1962 FREEMAN, 1966) . Despite the situations mentioned above, the findings of the present study suggest that the dispersion of the lighter type of intracellular globules commences prior to the rupture of the luminal surface of the goblet cell. It was also evident in the freeze etching study of the goblet cell of rats (MAKITA et al., 1971 ).
It would appear that about the time that the goblet cell matures there is a disintegration of the membranes around the individual lighter globules. Whether the darker globules are distinctly different in nature from lighter ones is not known. It is possible that the enlargement and diminution of the density of the individual globules is the result of a simple dilution of its content. The evidence presented indicates a normal residual cell after discharge of the goblet is consistent with published studies which suggested that the goblet cell is capable of repeating the secretory cycle.
